Morphological resonances are detected in elastic scattering and fluorescence excitation spectra from a cluster of two spheres, each -5 /im in radius, isolated and oriented in an electrodynamic levitator trap. Light scattering at 90' and perpendicular to the line of centers of the particles, by broadside illumination with polarization in the scattering plane, shows that an independent particle model may be used in describing resonance positions and the shape of the spectrum, even though the joined particles differ in size by slightly less than 10 nm. In end-fire illumination the fluorescence excitation spectrum is missing a number of resonances that are seen with broadside illumination.
Recently an application for the fluorescence scattering from a large two-dimensional raft of microparticles having random sizes has been introduced. This application, microparticle hole-burning spectroscopy, uses these particles as a room-temperature hole-burning medium.', 2 Microparticle hole-burning spectroscopy is based on the supposition that a laser can separately excite morphological resonances of individual particles even though many of the particles in the raft are touching. Although internal field calculations from the simplest of clusters, two spheres, 3 suggest that the individual particles in this cluster may be separately addressed, so long as the particles are slightly different in size and illuminated along a perpendicular to their line of centers, 2 there have been no experiments to confirm this theoretical result. In what follows we perform what we believe to be the first spectroscopy experiments on an isolated bisphere. Indeed, we show that for particles -5 ,.m in radius and differing in size by only 1 part in 500 (i.e., 10 nm), morphological resonances from the individual particles may be addressed independently.
The particle pairs are formed by jetting a charged droplet of hydrosol containing spherical dyed polymer particles -5.4 Am in radius [poly(methyl methacrylate) dyed with Nile Red at -5 X 10-1 M] into an electrodynamic levitator trap. 4 This approach is an alternative to assembly and levitation by radiation pressure. The hydrosol concentration and parent drop size (-50 /km in diameter) were optimized for the production of bispheres. Once a biosphere was formed, its major axis was seen to align vertically in the static component of the electric field of our levitator trap (E -1 V/cm). This alignment is most likely a consequence of charge separation on the bisphere while the surface has some conductivity (i.e., just before the water evaporates); the bisphere treated as a polarizable dimer (i.e., both spheres of equal size) does not have enough alignment energy to compete with the thermal energy available from equipartition.
The beam from a Rhodamine 6G dye laser (linewidth, 0.025 nm) was introduced into the levitator (Fig. 1) , permitting the bisphere to be illuminated from the side (broadside) or from below (end fire). In each case the light scattering is collected at right angles to the plane containing the axis of the spheres and the incident wave vector (i.e., perpendicular to the page in Fig. 1 ) with a telemicroscope (F/5) and detected with a photomultiplier or by eye.
Broadside elastic scattering from a bisphere is much noisier than that from a single sphere. The origin of this effect became clear when we observed the scattering pattern near 900. For a single sphere the pattern consists of vertical interference fringes, which can be associated with interference between two horizontally displaced glare spots appearing in the image of the sphere at its equator. 6 However, for the bisphere the scattering reveals both vertical and horizontal fringes. Although the vertical fringes appeared to be stationary, the horizontal fringes were fluctuating randomly. The image' of the particle revealed the origin of these fringes. In place of two horizontally displaced glare spots we saw four spots, with one horizontal pair on the equator of each particle. The fluctuation of the horizontal fringes can now be explained. Stochastic movement, associated with Brownian rotation in the alignment potential well, produces random phase fluctuations between the upper and lower pair of glare spots, leading to intensity fluctuations in the far field. These fluctuations may be reduced by use of a detection angle (AO)d that is considerably larger than the angle between the horizontal fringes, (AO)f = A/(ri + r 2 ), so that the maxima and minima within the fringe pattern are averaged. Figure 2(a) shows a typical elastic scattering spectrum in broadside illumination with the incident laser beam polarized in the plane of scattering. The most significant qualitative difference between this trace and the trace from a single sphere is that it seems that the trace contains a repeat of each resonant feature, as if the trace were the sum of two single particle traces. To test this idea we performed Mie scattering calculations in an attempt to fit the resonant wavelengths and shapes in each pair. The results of this procedure are shown by a comparison of Fig. 2(b) with Fig. 2(a) . As one can see, the comparison works well for individual component spheres with radii r 1 = 5.309 Am (dashed curve) and r 2 = 5.298 pum (solid curve). By adding these two curves one gets a spectrum that mimics the measured elastic scattering spectrum, except for the falloff in intensity with increasing wavelength, an effect that is due to the gain curve of the dye laser.
The ability to compose the broadside elastic scattering spectrum of a bisphere from two independent particle spectra is surprising. Two particles that are stuck together are hardly a dilute system for which there is no multiple scattering or near-field overlap. To test the veracity of our independent particle approach we applied modal analysis. 8 ' 9 This approach, in effect, includes all multiple scattering interactions and produces a result that is self-consistent with the boundary conditions. Although the application of the theory to the entire spectrum in Fig. 2(a) is prohibitive in computer time, Fig. 2(d) shows the result of these calculations for a limited portion of the spectrum. As one can see, a comparison between this self-consistent calculation [ Fig. 2(d) ] and a calculation that turns off cross talk between the spheres [ Fig. 2(c) , the independent particle approach] shows only a slight difference in intensity with no noticeable shift in the position of the resonances.
The correspondence between theory and experiment for the broadside configuration implies that cross talk is of little importance. This suggests that the light that appears to emanate from a given sphere should contain information principally about that sphere. To test this hypothesis we performed an experiment that we call glare-spot spectroscopy. The glare spots emanating from a given particle are reimaged 7 through a pinhole, and a wavelength spectrum of this light is recorded. When glare-spot spectroscopy is applied to a bisphere, distinct spectra are recovered from each horizontal pair of glare spots. Each of these spectra can be described by a unique single particle, in agreement with our hypothesis.
Multiple scattering interactions appear to be of little consequence for an understanding of the elastic scattering results for the broadside configuration [ Fig. 2(a) ]. This may be rationalized, off resonance, from a geometrical-optics standpoint, since there are few multiply scattered rays that link both spheres and can be received by the detector in this configuration. On resonance, a physical-optics approach must be used. In this case evanescent coupling should be of great importance; however, for broadside incidence the evanescent field near the point at which the spheres are joined is a minimum. Using these basic notions, one would expect a much greater effect in the end-fire configuration since scattering is greatest in the forward direction and the evanescent field associated with morphological resonances peaks near the forward direction.
We attempted to obtain elastic scattering spectra in the end-fire configuration on a number of particle pairs; however, intense noise masked any correlated information. Apparently the effect of the stochastic rocking is considerably greater in this configuration, which suggests, consistent with theory, 3 that the dividual particles, referred to as S Figure 3 (c) is the sum of the E particle based on Mie theory wii point averaged over the laser lin The imaginary part of the refr in making these calculations wE with the concentration and molar Red. We have also labeled the of several second-order resonan order resonances, although these a diminutive contribution in the a' for our laser linewidth.
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